
* r  r 

B E L L C O M M ,  I N C .  

 SUB^^^^: Comparison of Pay load  C a p a b i l i t y  DATE: September  12, 1967 
of t h e  Upra t ed  S a t u r n  I w i t h  O r b i t s  
of Unmanned S a t e l l i t e s , C a s e  6 0 0 - 1  FROM: T .  C .  Tweedie ,  Jr. 

ABSTRACT 

The c a p a b i l i t y  o f  t h e  U p r a t e d  S a t u r n  I p l u s  a manned 

s p a c e c r a f t  t o  a c h i e v e  o r b i t s  i d e n t i c a l  to t h o s e  o f  p l a n n e d  un- 

manned s a t e l l i t e s  i s  examined.  It i s  shown t h a t  t h e  o r b i t a l  

r e q u i r e m e n t s  of t h e  m a j o r i t y  o f  unmanned s a t e l l i t e s  canno t  be  
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MEMORANDUM FOR FILE 

D i v e r s e  s c i e n t i f i c  and t e c h n o l o g i c a l  o b j e c t i v e s  i n  
s p a c e  are  p l a n n e d  t h r o u g h  a program of  unmanned s a t e l l i t e s ,  
l a u n c h e d  i n t o  v a r i o u s  o r b i t a l  a l t i t u d e s  and  i n c l i n a t i o n s ;  e a c h  
o r b i t  p e c u l i a r  t o  t h e  p a y l o a d  and  o b j e c t i v e  o f  t h e  m i s s i o n .  
Assuming t h a t  t h e  o r b i t a l  p a r a m e t e r s  o f  t h e  unmanned s a t e l l i t e s  
a re  d e t e r m i n e d  by t h e i r  s c i e n t i f i c  p a y l o a d s  and  hence  cannot  be  
changed ,  t h e  c a p a b i l i t y  o f  t h e  U p r a t e d  S a t u r n  I l a u n c h  v e h i c l e  
p l u s  a manned s p a c e c r a f t  t o  a c h i e v e  i d e n t i c a l  o r b i t s  i s  examined .  

T a b l e  I l i s t s  t h e  unmanned e a r t h  o r b i t i n g  s a t e l l i t e s  
s c h e d u l e d ,  p l u s  t h e  p l a n n e d  o r b i t  f o r  e a c h  s a t e l l i t e .  F i g u r e  1 
shows t h e  l o c a t i o n  o f  t h e  unmanned s a t e l l i t e s  on a p l o t  o f  o r b i t s 1  
a l t i t u d e  v s .  i n c l i n a t i o n .  I s o p a y l o a d  l i n e s  i l l u s t r a t i n g  t h e  
c a p a b i l i t y  o f  t h e  Uprated S a t u r n  I l a u n c h  v e h i c l e  are a l s o  shown. 
S i n c e  t h e  p a y l o a d  t o  o r b i t  i s  dependen t  on t h e  l a u n c h  mode 
( e . g .  d i r e c t  i n j e c t i o n ,  Hohman t r a n s f e r  f rom a p a r k i n g  o r b i t )  one 
scheme was s e l e c t e d  f o r  r e p r e s e n t a t i o n .  The U p r a t e d  S a t u r n  I 
l;l.unches i n t o  an 80 nm c i r c u l a r  e a r t h  o r b i t  a CSM p l u s  a p a y l o a d  
c a r r i e d  i n  t h e  SLA. I n  t h i s  o r b i t  t h e  CSM t r a n s p o s e s  and docks  
t o  t h e  p a y l o a d .  The CSM p l u s  SLA p a y l o a d  ( t h e  w e i g h t s  l a b l e d  on 
t h e  c u r v e s )  i s  t h e n  i n j e c t e d  i n t o  t h e  f i n a l  h i g h e r  c i r c u l a r  o r b i t  
by t h e  s e r v i c e  module p r o p u l s i o n  s y s t e m .  To a c h i e v e  o r b i t a l  
i n c l i n a t i o n s  h i g h e r  t h a n  28.5',  t h e  l a u n c h  az imuth  from Cape Kennedy 
i s  r a i s e d ;  t o  a c h i e v e  o r b i t a l  i n c l i n a t i o n s  l e s s  t h a n  28.5O a p l a n e  
change  i s  made a t  t h e  f i n a l  a l t i t u d e .  

The r a d i a t i o n  zone,  shown e x t e n d i n g  from 350 nm t o  
15 ,000  nm, i s  a g r o s s  a p p r o x i m a t i o n  i n c l u d e d  f o r  i l l u s t r a t i v e  
p u r p o s e s .  The i n n e r  zone o f  t r a p p e d  r a d i a t i o n  i s  p r e s e n t  a t  
a l t i t u d e s  below 350 nm b u t  i s  o f  s u c h  magni tude  t h a t  manned s p a c e -  
f l i g h t  i s  p o s s i b l e  f o r  e x t e n d e d  d u r a t i o n .  The magni tude  o f  t h e  
r a d i a t i o n  a t  h i g h  a l t i t u d e s  has  n o t  y e t  been  f u l l y  measured  and  
h e n c e  i s  s t i l l  s u b j e c t  t o  wide u n c e r t a i n t y .  

From F i g u r e  1 i t  can be  s e e n  t h a t  t h e  o r b i t a l  r e q u i r e m e n t s  
of t h e  m a j o r i t y  o f  unmanned s a t e l l i t e s  canno t  be accomodated b y  an 
Upra ted  S a t u r n  I which a l s o  c a r r i e s  a manned CSM. 

1 0 2  l-TCT-dcs 

1 .  c .  I-& b - -  
T .  C .  T w e e d i e ,  Jr. 



TABLE I* 

I n c l i n a t i o n  
( d e g r e e s )  S p a c e c r a f t  

O r b i t i n g  S o l a r  O b s e r v a t o r y  
OSO-D and F t h r o u g h  H 33 300 300 

O r b i t i n g  G e o p h y s i c a l  O b s e r v a t o r y  
OGO-D ( P O G O )  84 

OGO-F ( P O G O )  86 
OGO-E ( E G O )  31 

500 200 
80,000 150 

600 2 0 0  

O r b i t i n g  A s t r o n o m i c a l  O b s e r v a t o r y  
OAO-A2 ( P )  
OAO-B 
OAO- C 

35 
35 
35 

S m a l l  S c i e n t i f i c  S a t e l l i t e  
"c"? 
dad - A 37 i7,ooo 2uu 

I n t  e r n a t  i o n a l  S a t  e 1 lit  e s f o r  
I o n o s p h e r i c  S t u d i e s  

ISIS-A 83 
75 

1,890 2 70 
1,700 920 

S m a l l  Astronomy S a t e l l i t e  
SAS-A 3 

58** Radio  Astronomy E x p l o r e r  
RAE-A, B 

A i r  D e n s i t y / I n j u n  E x p l o r e r s  
A D / I - C  

9 0  1,600 350 

U n i v e r s i t y  E x p l o r e r s  
OWL-A, B 

80 350 350 

B i o s a t e l l i t e  
B 
c,  D, E ,  F 

33.5 
33.5 

1 7 0  170 
200 200 

A p p l i c a t i o n s  Technology S a t e l l i t e s  
ATS-C E q u a t o r i a l  

E q u a t o r i a l  
19,340 G e o s t a t i o n a r y  
19,340 G e o s t a t i o n a r y  ATS-D, E 

*This  t a b l e  i s  b a s e d  on d a t a  o b t a i n e d  from t h e  J u l y  1967 e d i t i o n  o f  
NASA P o c k e t  S t a t i s t i c s ,  For O f f i c i a l  Use Only.  

**Re t rog rade  O r b i t  



TABLE I ( C O N T .  ) 

S p a c e c r a f t  

G e o d e t i c  E x p l o r e r  
GEOS-B 

Nimbus B 
D 

T i r o s  M 

T i r o s  Ope r a t i o n a l  S a t  e l l i t  e **  
TOS-G 
TOS-D, F, H, P-1 (APT)  
TOS-I t h r o u g h  M ( Improved  TOS) 

I n c l i n a t i o n  Apogee P e r i g e e  
( d e g r e e s )  (nm> (nm> 

74 **  
80** 

80** 

800 600 

600 600 

770 770 

80** 770 7 70 

**Re t rog rade  O r b i t  
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